The subcellular localization of mRNA sequences encoding neuropeptides in neuropeptidergic cells of the pond snail Lymnaea m g d s was investigated at the electron microscopic (EM) level by non-radioactive in situ hybridization. Various classes of probes specific for 28s rRNA and for the ovulation hormone (caudodorsal cell hormone; CDCH) mRNA were labeled with biotin or digoxigenin and were detected after hybridization with gold-labeled antibodies. Hybridizations were performed on ultra-thin sections of both Lowicryl-embedded and frozen cerebral ganglia, and a comparison demonstrated that most intense hybridization signals with an acceptable presermaon of morphology were obtained with ultra-thin cryosections. Addition of 0.1% glutaraldehyde to the formaldehyde fixative improved the morphol-
Introduction
The technique of in situ hybridization is now widely applied for the detection of RNA molecules at the cellular level, and the optimization of the various steps in the procedure has led to sensitive and more or less standardized techniques. Although it is still a point of discussion whether non-radioactive procedures for RNA detection have reached the sensitivity of radioactive ones, the nonradioactive methods incontestably have a number of favorable features, of which the high topological resolution is important for studies of subcellular localization of RNA sequences.
There are now several examples of "As which are heterogeneously distributed in the cytoplasm. For example, Lawrence and Singer (1986) showed at the light microscopic level different subcellular distributions of mRNAs for the cytoskeletal proteins actin, vimentin, and tubulin. Movement of actin mRNA to the cell pe- ogy, but on Lowicryl sections this added fixative resulted in a decrease of label intensity. A variety of probes, including plasmids, PCR products, and oligonucleotides, were used and all provided good results, although the use of oligonucleoades on Lowiql sections resulted in decreased gold labeling. The gold particles were found mainly associated with rough endoplasmic reticulum (RER) but were also observed in lysosomal structures. Finally, the in situ hybridization method presented in this study proved to be compatible with the immunocytochemical detection of the caudodorsal cell hormone, as demonstrated by double labeling experiments. (J Hisrochem Cytochem 40:1647 -1657 , 1992 riphery has been found to be directed by microfilaments (Sundell and Singer, 1991) . On basis of these observations it has been suggested that a relationship exists between the localization of the mRNA and the functional location of the corresponding protein, although there are indications that this is not a general rule (Morales et al., 1991; Raap et al., 1991) . With the advent of non-radioactive in situ hybridization it proved possible to detect defined RNA in situ hybridization signals in the nucleus, most likely showing active transcription of the gene and possibly the transport of its mRNA to the cytoplasm Lawrence et al., 1989) .
A more detailed study of the subcellular distribution of "As and their cognate proteins, however, requires methods with a higher resolution. Pre-, post-, and non-embedding techniques with radioactive as well as non-radioactive labeled probes have been applied for this purpose (Le Guellec et al., 1991; Morales et al., 1991; Penschow et al., 1991; Puvion-Dutilleul and Puvion, 1991; Wenderoth et al., 1991; Trembleau et al., 1990; Guitteny and Bloch, 1989; Morel et al., 1989; Singer et al., 1989; Thiry and Thiry-Blake, 1989; Webster et al., 1987; Binder et al., 1986; Morel et al., 1986) . However, the highest spatial resolution can be obtained only with nonradioactive in situ hybridization procedures at the EM level, using small gold-labeled probes (Le Guellec et al., 1990; Hutchison et DIRK>, VAN DORP, VAN MINNEN, FRANSEN, VAN DER PLOEG, RAAP al., 1982) . At present this technique is still in a developmental state. Here we describe methodology for the detection of CDCH mRNA and 28s rRNA by non-radioactive in situ hybridization at the EM level using post-embedding (Lowicryl) and non-embedding ultracryotechniques. In addition, and to allow the simultaneous detection of CDCH mRNA and its cognate peptide, the in situ hybridization procedure was combined with immunocytochemical staining of the CDCH. In earlier studies we have used the neuropeptidergic system of the pond snail Lymnueustugnul'ir as a model for the study of methodological aspects of non-radioactive in situ hybridization to (m)RNA sequences at the light microscopical level (Dirks et al., ,1990 (Dirks et al., ,1989 . For one of the mRNAs studied, i.e., CDCH mRNA (Vreugdenhil et al., ,1985 , we observed an inhomogeneous distribution in the cytoplasm of caudodorsal cells (CDCs) and, interestingly, the CDCH mRNA proved also to be present in the axons of these cells (Dirks et al., 1989; Van Minnen et al., 1988) . To further elucidate the significance of these observations and to study possible localization and function relationships, the possibility of localizing mRNA at the EM level is of great importance. CDCs are localized in the cerebral ganglia of the central nervous system and are involved in the control of egg-laying and associated behavior (Geraerts et al., 1988) . EM studies showed typical morphological characteristics of CDCs such as the presence of many regular-shaped, electron-dense secretory granules with a mean diameter of 150 nm and many electron-dense Golgi zones mainly distributed around the nucleus. These features distinguish CDCs from other cell types (Roubos, 1984) . More recently, the ultrastructural localization and cell dynamics of the CDCH peptide have been studied by use of a specific antibody (Roubos et al., 1987) .
Materials and Methods
Fixation of Snail Brains. Cerebral ganglia were dissected and fixed by immersion in either 1% formaldehyde freshly prepared from paraformaldehyde in 0.15 M sodium bicarbonate, pH 7.4 (Artvinly, 1975) or 1% formaldehyde, 0.1% glutaraldehyde in the same buffer, for 1 hr at room temperature. After fixation, the cerebral ganglia that were processed for Lowicryl embedding were post-fixed in 1% formaldehyde in 0.1 M phosphate buffer, pH 7.4 for 16 hr at 4'C.
Tissue Embedding and Sectioning. Fixed cerebral ganglia were rinsed in 0.1 M phosphate buffer and dehydrated in a graded series of ethanol while the temperature was gradually lowered to -35'C. The embedding in Lowicryl K4M was performed essentially as described (Armbruster et al., 1982; Roth et al., 1981) . Cerebral ganglia were embedded with Lowicryl K4M in Beem capsules at -35'C and allowed to polymerize by uv irradiation for 48 hr at -40°C and another48 hr at room temperature. Ultra-thin sections of 80-100 nm were cut on a Reichert microtome and collected on nickel grids with a carbon-coated collodion film. To identify CDCs, semithin sections were collected on glass slides and counterstained with toluidine blue. As an alternative to Lowicryl embedding, parts of fixed cerebral ganglia were impregnated with 2.3 M sucrose for 30 min. placed on copper blocks, and immediately frozen in liquid niuogen. Ulua-thin cryosections (60-80 nm) were cut on a ultracryomicrotome (Reichert Fc4D) at -110°C. collected with a drop of sucrose, and mounted on a nickel grid with a carbon-coated collodion film.
Probes and Labeling. Plasmid probes specific for human 28s rRNA containing a 2.1 KB insert (Bauman et al., 1988; Erickson et al., 1981) , which show high homology with 28s rRNA of LymnaeastagnulJs U. Bogerd, personal communication) , and CDCH mRNA containing a 1 KB insert (Vreug denhil et al., 1988) were labeled by nick-translation with biotin-11-dUTP or digoxigenin-11-dUTP according to standard procedures. In addition to plasmids, their specific inserts were also used as probes. The insert fragments were produced by PCR using primers specific for flanking sequences in the vector, purified by agarose gel electrophoresis and labeled by nicktranslation. The fragment size of the probes after nick-translation was between 100 and 500 nucleotides. Synthetic oligonucleotides complementary to positions 816-833 and 749-773 ofthe 3'end of CDCH mRNA and position 2183-2202 of 28s rRNA (Chan et al., 1983) were 3' end-labeled with digoxigenin-11-dUTP using terminal deoxynudeotidyluansferase as described . The average tail length was three nucleotides.
Hybridization. Sections were incubated on a drop of a pre-hybridization mixture consisting of 50% formamide, 2 x SSC (1 x SSC = 0.15 M sodium chloride, 0.015 M sodium citrate), 0.1% polyvinylpyrrolidone, 0.1% Ficoll type 400,0.1% bovine serum albumin (BSA), 200 wglml yeast tRNA, and 200 pglml denatured salmon sperm DNA for 1 hr at 37°C. Hybridizations with denatured plasmid or PCR-generated probes were performed in a mixture equal to the pre-hybridization mixture for 16 hr at 37'C in a moist chamber. For the hybridizations on ultra-thin cryosections, 3 % dextran sulfate was added to the hybridization mixture. For synthetic oligonucleotides the formamide concentration was 25 % and the hybridization was performed at 20°C. Probe concentrations used in our experiments were 5 nglpl for plasmid and PCR probes and 1 ngl p1 for oligonucleotides. These concentrations resulted in optimal signal-to-noise ratios. After hybridization with plasmid or PCR probes, sections were rinsed three times for 10 min in 50% formamide, 2 x SSC at 37'C and three times for 10 min in 2 x SSC at room temperature. Sections that were hybridized with synthetic oligonucleotides were rinsed in 4 x SSC, four times for 3 min each.
Immunocytochemical Procedures. Lowicryl and ultra-thin cr yosections were rinsed for 5 min, respectively, in PBS with 1% BSA and PBSG (PBS containing 0.15 % glycine, 0.1% BSA, and 0.1% gelatin). Digoxigenin-labeled probes were detected successively with mouse monoclonal anti-digoxigenin (1:500) (Boehringer; Mannheim Germany), unconjugated rabbit anti-mouse (1:SOO) as the second antibody layer, and 10-nm protein A-gold as third layer. Incubations were performed at room temperature for 1 hr and each incubation was followed by three washes of 2 min each in PBS and 1% BSA for Lowicryl sections and PBSG for cryosections. The same solutions were used to prepare antibody dilutions except for colloidal gold conjugates, which were always diluted in PBS and 1% BSA. Biotinylated probes were detected following the same procedure with a mouse monoclonal anti-biotin (Sigma; St Louis, MO), diluted 1:500 as the first antibody. For immunocytochemical detection of CDCH, a rabbit anti-CDCH was used (diluted 1:1000), followed by 10-nm protein A-gold. The simultaneous detection of CDCH mRNA and CDCH was accomplished by first detecting the hybridization product, as described above, followed by a blocking step with protein A and finally an incubation with rabbit anti-CDCH and 5-nm protein A-gold. Lowicryl sections were then stained with a 7% solution of uranyl acetate and a solution of lead citrate according to Reynolds (1963) . Ultra-thin cryosections were stained with a mixture of 3% uranyl acetate diluted 1:9 with 2% methyl cellulose. Sections were examined in a Philips EM 201 or EM 410 electron microscope operating at 80 kV.
Results

Ultrastructural Morphology
A comparison of the fixatives revealed that the addition of glutaraldehyde resulted in the best morphology for Lowicryl sections: cell organelles were well retained, ribosome structures were clearly visible, and membrane structures in particular were well preserved. However, the RER was swollen. The effect on morphology of addition of glutaraldehyde to the formaldehyde fixative was less apparent in ultra-thin cryosections than in Lowicryl sections. However, the morphology was improved in that lysosomal structures were well preserved as compared with tissue fixed with formaldehyde alone. Compared with Lowicryl sections, ultra-thin cryosections revealed less preserved morphology: brain tissue was torn apart, hampering orientation of cell groups and related structures in sections. However, the different cell components, including endoplasmic reticulum and membrane structures, were clearly discernible. The difference in cell morphology between both tissue preparation methods is illustrated in Figure 1 
Influence of Tissue Preparation Method on In Situ Hybridization Signals
The study of procedural variables was done mostly with plasmid and oligonucleotide probes specific for 28s rRNA because of the abundance of rRNA and strong in situ hybridization signals in preceding light microscopic studies Bauman et al., 1988) .
Hybridization experiments with the 28s rRNA-specific probes on Lowicryl sections revealed a more intense labeling on tissue fixed in formaldehyde alone, and this was consistent for all the probes used. Attempts to improve hybridization signals by pre-treatment of the sections with various concentrations of proteinase K or pepsin to remove proteins possibly associated with protruding RNA sequences had no effect on the density of labeling. The morphology was slightly affected by these pre-treatments. In situ hybridization results obtained with ultra-thin cryosections were superior as compared with Lowicryl sections, as illustrated by an in situ hybridization with the digoxigenin-labeled 18-mer CDCH oligonucleotide ( Figure 2 ). A comparison between the two fixatives on ultrathin cryosections revealed that the addition of glutaraldehyde to the formaldehyde fivative had only little influence on label intensity.
In Situ Detection of 28s rRNA With the procedures described in Materials and Methods, 28s rRNA was found to be localized over the cytoplasm of all cell bodies, but predominantly in areas with E R . Connective tissue and other structures surrounding the cells were devoid of labeling. In CDCs, the highest density of gold label was present over the endoplasmic reticulum surrounding the nucleus. Most of the gold particles were localized in clusters, each consisting of two to eight particles. Next to cytoplasmatic localization, label was found in the nucleus and, as expected, mainly over nucleoli. Gold particles were mainly localized at the outer region of the nucleolus on electron-dense structures ( Figure 3 ). In addition, both Lowicryl and ultra-thin cryosections fixed with a mixture of formaldehyde and glutaraldehyde revealed a rather high concentration of label in lysosomal structures, whereas no gold labeling was observed over Golgi apparatus, mitochondria, and secretory granules. Figure 4a shows the localization of 28s rRNA in lysosomal structures or a composite of fixed ultra-thin cryosection with a digoxigenin-labeled oligonucleotide probe. Figure 4b shows that fixation in formaldehyde alone results in the total obliteration of lysosomal body integrity, which does not allow detection of any type of signal. Hybridizations on Lowicryl sections revealed a more intense labeling with the 28s plasmid probe than with the 28s oligonucleotide probe. Not only did the number of clusters increase, but an increase was also seen in number of gold particles in the clusters. The difference in numbers of clusters was less apparent when hybridization results on ultrathin cryosections were obtained with the 28s plasmid probe (Figure 5 ) and 28s oligonucleotide probe (Figure 4a ). However, the number of gold particles within a cluster was higher when the plasmid probe was used.
Among other conditions tested, the use of dextran sulfate and washing conditions after hybridization did influence the end results. Dextran sulfate. frequently used in hybridization solutions to improve hybridization efficiency, had no effect on labeling intensitv on Lowicryl sections but did affect the morphology to some extent. It was therefore omitted from the hybridization solution. Extended washings (230 min) after hybridization with an oligonucleotide probe resulted in a decrease of labeling. The choice of probe modification had no effect on gold labeling. Both biotin-and digoxigeninlabeled probes were successfully used, showing equal sensitivity and very low background labeling. 
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In Situ Detection of CDCH mRNA
With the full plasmid, the PCR DNA, as well as with the CDCH oligonucleotide probe, specific gold labeling was obtained over CDCs. The majority of the gold particles were present on fields of RER that were located dispersely in the cytoplasm; gold particles were clearly associated with ribosomes (Figure 2) . Gold particles that were not located over the RER were often found associated with free ribosomes; some particles were observed without any visible association with subcellular structures. The most intense gold labeling was observed in the perinuclear region, and this intensity decreased towards the cell periphery. Only very occasionally was a gold particle found on granules, mitochondria, or Golgi apparatus; a cluster of gold particles was never observed in these organelles. As was the case for the 28s rRNA sequences, CDCH mRNA was also found to be present in lysosomal structures. Gold label was also observed in the nucleus, mostly associated with heterochromatin, and some of these particles were localized in the vicinity of the nuclear membrane. Nucleolar structures did not show any labeling with the CDCH "A-specific probes. With the CDCH plasmid or PCR probe, hybridization to CDCH mRNA was indicated by clusters of gold particles, as could also be observed for 28s rRNA detection with a plasmid probe. Essentially the same results were obtained with the oligonucleotide probes. On ultra-thin cryosections there was only a minor difference in labeling between the cDNA and oligonucleotide probes, except that the number of gold particles in a cluster was less when oligonucleotides were used. Similar to 28s rRNA oligonucleotide hybridizations, prolonged washings after the hybridization and immunocytochemical detection steps resulted in a significant decrease of labeling. On the other hand, when washing steps were too short some nonspecific labeling was noted. Therefore, for oligonucleotide in situ hybridization it is important to find a balance between loss of specific labeling and introduction of some nonspecific labeling. In this respect, the length of the oligonucleotide as a consequence of duplex stability is of importance. With the 2S-mer oligonucleotide slightly more labeling was observed than when the 18-mer was used. Except for cells showing the characteristics of CDCs no significant gold labeling was observed over neighboring cells or other tissue components.
Simultaneous Detection of CDCH mRNA ana' Protein
The immunocytochemical detection of CDCH was performed both before and after hybridization. The best results were obtained when the immunocytochemical detection was performed after the hybridization procedure. Some decrease of CDCH mRNA labeling was found compared with sections in which only the mRNA was detected. This decrease was even more profound when oligonucleotides were used as probe. This is probably due to dissociation of the probe during the additional incubation and washing steps necessary for the detection of CDCH.
As expected from our light microscopic studies (Dirks et al., 1989;  Van , cells containing CDCH also showed the corresponding mRNA. Immunocytochemical detection of CDCH revealed labeling over granules and Golgi apparatus, few gold particles being associated with RER. An accurate localization of CDCH could be obtained only when glutaraldehyde was pres-ent in the fixative. Although there was no difference in the amount of labeling, the absence of glutaraldehyde probably results in diffusion of CDCH, since in this case gold particles were also observed outside the granules. Simultaneous detection of CDCH and mRNA was feasible on both Lowicryl and ultra-thin cryosections, and with both a distinct localization was seen. The specificity of the CDCH labeling was indicated by a control experiment in which it was shown that the blocking step with protein A after detection of the hybridization product was complete: no 5-nm gold labeling was observed after the blocking step with protein A. Figure 6 shows a representative result of double labeling of ultra-thin cryosections. Only in RER were CDCH mRNA and newly synthesized protein found to coexist.
Speczycity of Hybridization
To check the specificity of the hybridization, sections were pretreated with RNAse (100 pg RNAse Alp1 2 x SSC) or DNAse (0.2 U RQ1 DNAselp1 40 mM Tris-HC1, 10 mM NaCI, 6 mM MgCl2, 0.1 mM CaC12, pH 7.9). An RNAse treatment resulted in an absolute loss of gold labeling in the cytoplasm and in nuclei of cells. Pre-treatment of cells with DNAse did not affect the intensity of gold labels, implying that the nuclear hybridization signals show exclusively RNA. Next to RNAse and DNAse treatments, hybridizations were performed with non-related probes or no probe at all. Synthetic oligonucleotides with the same length and G-C content as the specific oligonucleotides, as well as non-related cDNA full-plasmid and PCR probes, did not show labeling over section surfaces. Moreover, we have shown previously in light microscopic studies that the CDCH and 28s probes used in this study are highly specific. Specificity of hybridization to CDCH mRNA was also confirmed by the double labeling experiments, showing hybridization signals exclusively in those cells that also show immunolabeling. When hybridizations were performed without probe, only very few gold particles were observed due to nonspecific binding of antibodies or gold particles.
Discussion
The aim of this study was to develop an in situ hybridization method for the visualization of neuropeptide RNA sequences in the mollusk Lymnaea stagnah at the ultrastructural level in combination with an immunocytochemical detection of encoded proteins. Among the procedural variables in EM studies, the choice of tissue processing including pre-, post-, and non-embedding methods is crucial. There are several examples in which the pre-embedding technique has been successfully used for the detection of specific mRNAs (Penschow et al., 1991; Pomeroy et al., 1991; Lloyd et al., 1990; Trembleau et al., 1990; Guitteny and Bloch, 1989) . However, since little is known about penetration depth of probe and antibodies before embedding, we have chosen to use a postembedding and a non-embedding technique rather than a preembedding procedure. We have shown earlier that optimal hybridization signals of CDCH mRNA in light microscopic studies can be obtained only after a proteolytic pre-treatment, which will seriously affect morphology at the EM level. Moreover, the hybridiza-tion procedure may alter the position of specific cell components. We reasoned that these problems could be circumvented by the use of a post-embedding technique where only the surface of the section is available for hybridization and immunocytochemical detection. In this respect, Kellenberger et al. (1987) have demonstrated that an immunocytochemical pre-embedding labeling is far less efficient than expected from theoretical predictions. As an alternative for embedding methods, we also explored the features of cryoultramicrotomy for the in situ detection of 28s rRNA and CDCH mRNA, since it also allows for post-sectioning labeling.
The results presented in this study show that specific hybridization signals are obtained on Lowicryl and cryosections and that both methods are compatible with the immunocytochemical detection of CDCH. The ultrastructural morphology was best preserved in Lowicryl sections, although ultra-thin cryosections showed sufficient morphological detail to study RNA localization in relation to cell components. The addition of a low percentage of glutaraldehyde to the formaldehyde fixative improved the ultrastructural morphology of both Lowicryl and ultra-thin cryosections. Moreover, the addition of glutaraldehyde diminished loss of labeling over lysosomal structures in ultra-thin cryosections. Hybridization on ultra-thin cryosections clearly gave the strongest labeling, and this was observed for both fixatives used. The amount of labeling on Lowicryl sections, however, appeared to be dependent on the choice of fixation and probe type. Although the presence of a low percentage of glutaraldehyde in the fixative had a beneficial effect on ultrastructural morphology, this addition decreased the amount of labeling compared with the results when only formaldehyde was used. This effect has also been observed by others (Le Guellec et al., 1991; Bloch et al., 1986) and is probably due to a decrease in accessibility of the target for probe and antibodies.
In the case of Lowicryl sections, only the RNA sequences protruding from the cutting edge are available for hybridization because probe sequences cannot penetrate this embedding medium. The difference in results obtained with oligonucleotides on the one hand and with the plasmid and PCR probes on the other can be partially explained by the fact that although part of the RNA sequences protruding from Lowicryl-embedded sections are not complementary to the oligonucleotides, they still will be available for hybridization to plasmid or PCR probe fragments. The part of the RNA sequence complementary to the oligonucleotide probe can be masked by Lowicryl. In addition, because a larger part of the mRNA sequence can be covered by plasmid or PCR probe fragments, with the result that more haptens are available for immunocytochemical detection, a cluster of gold particles may indicate the localization of one mRNA sequence. Furthermore, end labeling of oligonucleotides results in fewer available haptens for detection compared with the nick-translated probes, which makes them in principle less sensitive. Nevertheless, synthetic oligonucleotides can be very useful in EM in situ hybridization experiments. Their short length in theory provides a better resolution compared with plasmid probes, and because of their specificity they allow a distinction between two or more closely related mRNA sequences (Dirks et al., 1990) .
From the present study it is clear that cryoultramicrotomy of 1% formaldehyde, 0.1% glutaraldehyde-fixed tissue is the method of choice for ultrastructural mRNA detection in the brain of Lym-naea stagnalir. The observed improvement in gold labeling with ultra-thin cryosections is most likely due to a better accessibility of the target sequences for the probe and detection system. Superior accessibility for probe sequences is nicely demonstrated by the almost equal labeling with plasmid and oligonucleotide probes, showing only a difference in the number of gold particles in a cluster. One should consider, however, that differential penetration of probe and immunoreagents can result in differences in labeling efficiency between various cell structures (Slot et al., 1989) . Labeling efficiency of ultrathin cryosections is largely determined by the penetration ability of gold particles (Bendayan et al., 1987; Stierhof et al., 1986 ; Van Bergen en Henegouwen and Leunissen, 1986) . This implies that further improvement of in situ RNA detection may be obtained with ultra-small gold particles, since they show improved penetration in sections and are amenable to moderate silver enhancement (Leunissen and Van de Plas, in press; De Graaf et al., 1991; and our unpublished results) .
CDCH mRNA was detected exclusively in CDCs, whereas 28s rRNA was detected in all cells present in a tissue section. With the exception of some hybridization signals that could not specifically be related to subcellular structures, CDCH mRNA and 28s rRNA were clearly associated with rough endoplasmic reticulum. In addition, CDCH mRNA and 28s rRNA were found in lysosomal structures and in the nucleus. The observed localization pattern of CDCH mRNA at the ultrastructural level was in agreement with our light microscopic studies which revealed that CDCH mRNA is not homogeneously distributed in the cytoplasm of CDCs but shows a "patch-like" pattern and a strong perinuclear staining (Dirks et al., 1989) . This non-homogeneous distribution pattern was confirmed by a general RNA staining with pyronin-Y and was found to be in agreement with what was known about the subcellular localization of the rough endoplasmic reticulum in CDCs. EM studies, describing the EM morphology of neuropeptidergic cells in the pond snail Lymnaea stagnahs, revealed a "patch-like" distribution of endoplasmic reticulum in the cytoplasm of CDCs and, in addition, a dense perinuclear network around the nucleus (Roubos, 1984) . Ultimate proof that the observed hybridization patterns correspond with the distribution pattern of endoplasmic reticulum is, however, provided by this EM study. The power of high-resolution RNA detection is also illustrated by the observation that 28s rRNA as well as CDCH mRNA sequences are present in lysosomal structures. Apparently these RNA sequences are still attached to ribosomes when these are taken up by lysosomes to be degraded. In addition, CDCH was present in lysosomes, as demonstrated earlier by Roubos et al. (1987) .
The results described in this study, together with those of others (Jirikowski et al., 1990; Singer et al., 1989) , show the power of the non-radioactive in situ hybridization technique at the EM level and the ability to correlate the localization of RNAs with ultrastructural morphology. In addition, we have shown the possibility of visualizing CDCH mRNA in relation to the localization of its protein product, CDCH. In general, by combining the in situ hybridization technique with an immunocytochemical detection system, more information can be obtained concerning spatial localization and function relations (Carmo-Fonseca et al., 1991; Singer et al., 1989) . The simultaneous detection of CDCH mRNA and CDCH proved to be very helpful in identifying CDCs and in ascertaining DIRKS, VAN DORP, VAN MINNEN, FRANSEN, VAN DER PLOEG, RAAP specificity of hybridization. Immunogold signals showing CDCH mRNA after hybridization were found exclusively in cells positive for CDCH. The observed localization of CDCH in secretory granules, Golgi apparatus, and RER extended the observations of Roubos et al. (1987) , who showed with a different fixation and embedding procedure that RER and Golgi zones are generally immunonegative. The localization of CDCH and CDCH mRNA as described in this study is probably typical for neurosecretory cells with a high production and secretion rate for a specific neuropeptide.
Because neuropeptidergic systems of different organisms share similar properties, it is expected that the methodology presented in this study, allowing a reliable evaluation of neuropeptidergic mRNAs and their translation products at the ultrastructural level, will be of general use in neuroscience research.
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